SOLUTIONS TO HOME WORK # 2

4-12 Relations are to be obtained for the characteristic lengths of a large plane wall of thickness 2L, a very long cylinder of radius 

 and a sphere of radius 

 

Analysis Relations for the characteristic lengths of a large plane wall of thickness 2L, a very long cylinder of radius 

 and a sphere of radius 

 are
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4-16E A number of aluminum balls are to be quenched in a water bath at a specified rate. The temperature of balls after quenching and the rate at which heat needs to be removed from the water in order to keep its temperature constant are to be determined. 

Assumptions 1 The balls are spherical in shape with a radius of r0 = 1 in. 2 The thermal properties of the balls are constant. 3 The heat transfer coefficient is constant and uniform over the entire surface. 4 The Biot number is Bi < 0.1 so that the lumped system analysis is applicable (this assumption will be verified).

Properties The thermal conductivity, density, and specific heat of the aluminum balls are k = 137 Btu/h.ft.(F, ( = 168 lbm/ft3, and Cp = 0.216 Btu/lbm.(F (Table A-3E).

Analysis (a) The characteristic length and the Biot number for the aluminum balls are
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The lumped system analysis is applicable since Bi < 0.1. Then the temperature of the balls after quenching becomes
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(b) The total amount of heat transfer from a ball during a 2-minute period is
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Then the rate of heat transfer from the balls to the water becomes
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Therefore, heat must be removed from the water at a rate of 1034 Btu/min in order to keep its temperature constant at 120

.

4-18 A thin-walled glass containing milk is placed into a large pan filled with hot water to warm up the milk. The warming time of the milk is to be determined.

Assumptions 1 The glass container is cylindrical in shape with a radius of r0 = 3 cm. 2 The thermal properties of the milk are taken to be the same as those of water. 3 Thermal properties of the milk are constant at room temperature. 4 The heat transfer coefficient is constant and uniform over the entire surface. 5 The Biot number in this case is large (much larger than 0.1). However, the lumped system analysis is still applicable since the milk is stirred constantly, so that its temperature remains uniform at all times. 

Properties The thermal conductivity, density, and specific heat of the milk at 20(C are k = 0.607 W/m.(C, ( = 998 kg/m3, and Cp = 4.182 kJ/kg.(C (Table A-9).

Analysis The characteristic length and Biot number for the glass of milk are
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For the reason explained above we can use the lumped system analysis to determine how long it will take for the milk to warm up to 38(C:
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Therefore, it will take about 3 minutes to warm the milk from 3 to 38(C.

4-34 An egg is dropped into boiling water. The cooking time of the egg is to be determined. (
Assumptions 1 The egg is spherical in shape with a radius of r0 = 2.75 cm. 2 Heat conduction in the egg is one-dimensional because of symmetry about the midpoint. 3 The thermal properties of the egg are constant. 4 The heat transfer coefficient is constant and uniform over the entire surface. 4 The Fourier number is ( > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption will be verified).

Properties The thermal conductivity and diffusivity of the eggs are given to be k = 0.6 W/m.(C and ( = 0.14(10-6 m2/s.

Analysis The Biot number for this process is 





The constants 

corresponding to this Biot number are, from Table 4-1,
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Then the Fourier number becomes
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Therefore, the one-term approximate solution (or the transient temperature charts) is applicable. Then the time required for the temperature of the center of the egg to reach 70(C is determined to be
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4-40E Long cylindrical steel rods are heat-treated in an oven. Their centerline temperature when they leave the oven is to be determined.

Assumptions 1 Heat conduction in the rods is one-dimensional since the rods are long and they have thermal symmetry about the center line. 2 The thermal properties of the rod are constant. 3 The heat transfer coefficient is constant and uniform over the entire surface. 4 The Fourier number is ( > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption will be verified).

Properties The properties of AISI stainless steel rods are given to be k = 7.74 Btu/h.ft.(F, ( = 0.135 ft2/h.

Analysis  The time the steel rods stays in the oven can be determined from





 The Biot number is  
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The constants 

corresponding to this Biot number are, from Table 4-1,


 


The Fourier number is 





Then the temperature at the center of the rods becomes
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4-57 The center temperature of meat slabs is to be lowered to -18SYMBOL 176 \f "Symbol"C during cooling. The cooling time and the surface temperature of the slabs at the end of the cooling process are to be determined.  

Assumptions 1 The meat slabs can be approximated as very large plane walls of half-thickness L = 11.5 cm. 2 Heat conduction in the meat slabs is one-dimensional because of the symmetry about the centerplane. 3 The thermal properties of the meat slabs are constant. 4 The heat transfer coefficient is constant and uniform over the entire surface.  5 The Fourier number is ( > 0.2 so that the one-term approximate solutions (or the transient temperature charts) are applicable (this assumption will be verified). 6 The phase change effects are not considered, and thus the actual cooling time will be much longer than the value determined.

Properties The thermal conductivity and thermal diffusivity of meat slabs are given to be k = 0.47 W/m(SYMBOL 176 \f "Symbol"C and ( = 0.13(10-6 m2/s. These properties will be used for both fresh and frozen meat.

Analysis  First we find the Biot number: 
           

   

From Table 4-1 we read, for a plane wall,  (1 = 1.308 and A1=1.239. Substituting these values into the one-term solution gives

         


which is greater than 0.2 and thus the one-term solution is applicable. Then the cooling time becomes

         


The  lowest temperature during cooling will occur on the surface (x/L  = 1), and is determined to be 

     


Substituting,
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which is close the temperature of the refrigerated air. 

Alternative solution We could also solve this problem using transient temperature charts as follows: 
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Therefore, 


The surface temperature is determined from  
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which gives  

   

The slight difference between the two results is due to the reading error of the charts

4-68 The outer surfaces of a large cast iron container filled with ice are exposed to hot water. The time before the ice starts melting and the rate of heat transfer to the ice are to be determined.

Assumptions 1 The temperature in the container walls is affected by the thermal conditions at outer surfaces only and the convection heat transfer coefficient outside inside is given to be very large. Therefore, the wall can be considered to be a semi-infinite medium with a specified surface temperature. 2 The thermal properties of the wall are constant.

Properties The thermal properties of the cast iron are given to be  k = 52 W/m.(C and ( = 1.70(10-5 m2/s.

Analysis The one-dimensional transient temperature distribution in the wall for that time period can be determined from 
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  (Table 4-3)
Therefore,
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The rate of heat transfer to the ice when steady operation conditions are reached can be determined by applying the thermal resistance network concept as
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